In this paper we show that when considering a multi DD branes system with high temperature, there always exists a thermal tachyon inflation before usual tachyon cosmological evolution, which may be more natural in the early stage of tachyon cosmology.
Recently many efforts have been devoted to studying non BPS configuration of branes such as DD brane pairs and non BPS branes [1, 2, 3, 4] . If such a configuration is considered, the spectrum of open strings on it contains a tachyon field, for non BPS brane it is real and for DD brane pairs it is complex. This means that this configuration is unstable and the tachyon field rolls down from the vacuum of open string toward the minimum of the tachyon effective potential. There has been a lot of studies on various cosmological effects of the rolling tachyon [5, 6, 7, 8, 9] .
However, for generic initial conditions, an early universe with more high temperature may be more possible. Thus it is interesting to investigate the cosmology of this kind of non BPS configuration in high temperature. Since in this case this configuration may become stable and not decay [10, 11, 12] , in analogy with high temperature symmetry restoration in usual field theories [13] , there may be a thermal inflation before the usual tachyon cosmological evolution, especially when the number of branes is very large, this process can not be negligible, which will be showed by our following discussions.
The thermal inflation picture [14] is builded on an effective potential with a finite temperature correction as follows
where ϕ is a scaler field and g is the coupling of ϕ with the particles of the thermal bath. In high temperature, ϕ = 0 is the minimum of the effective potential and in this case, V (ϕ, T ) = V const when ϕ lies in this minimum. If V const > ρ rad ∼ T 4 , where ρ rad is the energy density of radiation, the cosmology will be dominated by the vacuum energy V const and inflate. When the temperature T falls below some critical value T c = m √ g , the minimum of ϕ = 0 becomes unstable, the ϕ field will roll down towards new minimum of the effective potential quickly and the thermal inflation ends.
Instead of above, we consider a N D3-D3 branes system with finite temperature. The free energy for the N D3-D3 branes and mixed gas system at temperature T = β −1 can be written as, following Ref. [10] ,
where
given to gauge fields by Higgs effect. If the tachyon fields start at φ = 0, then the tachyon rolling along the effective potential will lower the energy of the system, but it also gives mass to the relative gauge fields and decrease the entropy of the mixed gas system. Thus, an amount δφ gives mass to N out of the N 2 species of particles in the gas. Varying (2), we have δf = −2τ 3 (δφ) 2 + 15 24
Therefore, for large enough temperature
where the numerical constants have been disregarded, T c is the critical temperature, δf > 0, i.e. the open string vacuum is a minimum of the free energy and stable. In this case, the tachyon field is no longer tachyonic and the DD brane pairs do not annihilate. T h ∼ M s is the Hagedorn temperature, for open string, which is a limiting temperature, i.e. T < T h . When approaching this temperature, the energy is converted to the massive modes of open string and the creation of DD brane pairs may become more important [15] . Since the existence of the limiting temperature, from (5), we see that in usual case, T can hardly exceed T c , only when g s N ≫ 1, T > T c . To suppress closed string loops, g s ≪ 1 must be taken, which makes the radiation process of closed string disfavored and the temperature of system is mainly relevant to open string. Thus a large enough N is required, which may be also required by some other cosmological consideration [8, 9, 16, 17] .
For brane cosmology model considered, we assume that the number of DD brane pairs N ≫ 1 and the temperature T satisfies T h √ gsN ≪ T < T h , where the first inequality is required for the stability of DD brane system and the second one for the limiting temperature. The energy density of mixed gas system in each D3 orD3 brane,
since T < T h ∼ M s , g s < 1 and considering (3), we have ρ < τ 3 , i.e. the brane tension is still dominated during cosmological evolution, although the brane cosmology has very high temperature. Thus there will be a period of an early thermal inflation in brane cosmology before the tachyon becomes tachyonic. During thermal inflation,
in second equation, we use M is the string length. Therefore, in this thermal inflation model, the description of 4D effective field theory for tachyon cosmology is reasonable, which is different from the usual tachyon inflation [7] and topological inflation [18] from tachyon where this problem can not be solved easily [6, 8, 9] .
When the brane cosmology inflates, the temperature T ∝ 1 a , in which a is the scale factor of expanding brane cosmology, decreases exponentially. Once the temperature drops below T c , the open string vacuum will become unstable and evolve toward closed vacuum, and thermal inflation ends. The e-folding number is given by
To estimate n e , we take T ini ∼ T h and obtain n e ≃ ln g s N
Thus we see that a larger e-folding number n e requires a lower enough critical temperature T c , which corresponds a very large number N of branes. If this thermal inflation process can solve the horizon problem of the standard cosmology instead of usual inflation model, we must require n e ≃ 60, which makes the critical temperature very lower. If taking T h ∼ M s ∼ 10 15 Gev, we have T c ∼ 10 −13 Gev and the number of branes N is also unacceptable large. But if taking T c ∼ 10
2 Gev, which corresponds to the electroweak scale, we have n e ≃ 30, which may be not neglected in tachyon cosmology.
In summary, in this paper we showed that when considering a multi DD branes system with high temperature, there always exists a thermal inflation before usual tachyon cosmological evolution. In usual inflation or topological inflation from tachyon, the string length is larger than the horizon scale during inflation, which makes the description of effective field theory for tachyon cosmology not proper. Compared with them, the thermal inflation from tachyon potential with the correction of finite temperature is free from this problem. We restrict the analysis to the case with many coincident D branes andD branes 2 which may be reasonable in realistic model where branes warp some cycles of the compact manifold. Since in general the volume of cycles is not constant due to the pinching singularities of compact manifold, branes and anti-branes will minimize their energy and move towards points in which the cycles have minimal volume [19] . Such singularity or points can be regarded as a collector of branes and anti-branes, in which branes will be collected and coincident, thus the thermal inflation proposed will occur. Although the thermal tachyon inflation can hardly generate enough the e-folding number, this process may be more nature in the early cosmology with multi branes, whose more realistic meaning may remove singularities or points of small cycle volume in generic compact manifolds and prevent early collapse of brane universe, thus provide a reasonable initial conditions for later inflation.
This work implies that the inflation and cosmological applications of the multi-tachyon/multibrane may have more fruitful phenomena, which is worth studying further.
